were directly sequenced by using a Tag DyeDeoxy terminator cycle sequencing kit (Applied Biosystems, Foster City, Calif.) and an automated DNA sequencer (model 373A; Applied Biosystems). The closest known relatives of the new isolates were determined by performing a database search with the program FASTA of the Genetics Computer Group package (4). The sequences of the closest known relatives and of other related strains were retrieved from the EMBL and Ribosomal Database Project data libraries and aligned with the newly determined sequences by using the program PILEUP (4). The resulting multiple-sequence alignment was corrected manually, and approximately 100 bases at the 5' end of the rRNA gene were omitted because of alignment ambiguities. A continuous stretch of 1,330 bases was used for a distance matrix analysis. A distance matrix was calculated by using the programs PRE'ITY (4) and DNADIST (using the Kimura-2 correction parameter) (13). A phylogenetic tree was constructed by using the neighbor-joining method with the program NEIGHBOR (13). The stability of the groups was estimated by performing a bootstrap analysis (200 replications) with the programs DNABOOT, DNADIST, NEIGHBOR, and CONSENSE (13) .
The average G + C contents of the DNAs of strains LMG 14710T and LMG 13593T were determined by the thermal denaturation method and were calculated as described by De Ley (2) .
Growth, serological reactions, resistance, and biochemical activity. Brain heart infusion medium (Biolife, Milan, Italy) and Columbia agar (Lab M, Bury, United Kingdom) supplemented with 5% bovine blood were used to determine growth characteristics on nonselective media. Motility was tested on semisolid medium containing 0.02% Noble agar (Difco Laboratories, Detroit, Mich.) . Lancefield carbohydrate antigens were tested with a Streptococcal Grouping Kit (Oxoid). Resistance to 6.5% NaCl was determined in brain heart infusion medium containing NaCl. Resistance to sodium azide was tested by inoculating organisms onto Slanetz-Bartley agar (Oxoid) and kanamycin-esculin-azide agar (Lab M), and resistance to bile was tested by inoculating organisms onto esculinbile agar (Difco). Media were incubated at 37°C in air supplemented with 5% COz. Enzymatic and carbohydrate acidification tests were carried out with API 20 STREP, API 50CH, and rapid ID32 STREP galleries (BioMCrieux, Marcy-I'Etoile, France) at 37°C in air. Weak or doubtful enzymatic test results were confirmed with Rosco substrate tablets and reagents (Rosco, Taastrup, Denmark). Amylase production was tested by spot inoculating organisms onto Columbia agar without added blood, and reactions in milk were tested in litmus milk (Oxoid) .
Nucleotide sequence accession numbers. The 16s rRNA sequences of strains LMG 13593T and LMG 14710T have been deposited in the GenBank database under accession no. YO9007 and Y07601, respectively.
RESULTS

Identification of isolates by SDS-PAGE of whole-cell proteins.
The results of an SDS-PAGE analysis of whole-cell proteins allowed us to group all of the streptococcal strains ( Fig.  1) . Moreover, all of the new isolates were found to be different from the previously described species of the genus Streptococcus, as revealed by a comparison with a database of onedimensional SDS-PAGE protein patterns (18 16s rRNA gene sequence analysis. The 16s rRNA genes of two representatives of each of the two new clusters were amplified by PCR and subjected to sequence analysis. Almostcomplete gene sequences were determined for strains LMG 14710T (cluster I) and LMG 13593T (cluster 11). Approximately 700 nucleotides from the 5' end of the rRNA, which included diagnostic variable regions V1 to V3, were determined for strains LMG 14711 (cluster I) and LMG 14174 (cluster 11). Painvise analysis showed that cluster I and I1 organisms were phylogenetically separate (>4% 16s rRNA sequence divergence), but that within each cluster the two representative strains were genotypically homogeneous (i.e., they had identical sequences based on ca. 700 nucleotides). Comparative sequence searches of the EMBL and GenBank libraries revealed that the two groups of isolates from pigs were phylogenetically closely related to the genus Streptococcus. A tree depicting the phylogenetic positions of cluster I and I1 organisms (as exemplified by strains LMG 14710T and LMG 13593T, respectively) within the genus Streptococcus is shown in Fig. 2 , and representative sequence similarities are given in Table 1 .
Morphology and growth characteristics. The four strains belonging to cluster I grew as long chains of gram-positive cocci which produced deposits with clear supernatants in broth media. Colonies on blood agar were regular, small (diameter, 0.5 mm or less), nonpigmented, translucent, and surrounded by zones of sharply demarcated alpha-hemolysis. Growth at 37°C was more abundant than growth at 25, 30, or 42°C and was slightly enhanced by incubation in a 5% C0,-supplemented atmosphere. The strains were nonmotile. Cluster I strains were unable to grow in broth containing 6.5% NaC1, on esculin-bile agar, and on Slanetz-Bartley agar. Lancefield reactions were negative.
All of the cluster I1 strains were gram-positive cocci whose cells were arranged in short chains, pairs, or groups and were nonmotile. Colonies on blood agar incubated in the presence of 5% CO, were regular, not translucent, enterococcus-like but smaller (approximately 1 mm in diameter), and alpha-hemo-lytic. Very small pinpoint colonies were seen when the organisms were incubated in air. Growth occurred at 25 to 37"C, but was strongly inhibited at 42°C. Cultures in broth media produced deposits and clear supernatants. The cluster I1 strains grew in broth media containing 6.5% NaCl after 2 days of incubation. They were relatively resistant to sodium azide and grew on Slanetz-Bartley medium when they were incubated in the presence of 5% CO,. Triphenyltetrazolium chloride was not reduced in this selective medium. Growth was strongly inhibited on esculin-bile medium. None of the strains reacted in Lancefield agglutination tests.
Biochemical activity. The four cluster I strains reacted positively in the following tests: Voges-Proskauer; hippurate; alkaline phosphatase; leucine arylamidase (often weak); p-glucuronidase (not always positive in API 20 STREP tests); P-galactosidase; alanine phenylalanine proline arylamidase; N-acetyl-P-glucosaminidase; and acidification of galactose, D-glucose, D-fructose, D-mannose, mannitol, sorbitol, N-acetylglucosamine, salicin, cellobiose, maltose, lactose, saccharose, and trehalose.
Tests were negative with reagents for pyrrolidonyl arylamidase, a-galactosidase, arginine dihydrolase, glycyltryptophan arylamidase, P-mannosidase, and urease. Acid was not produced from glycerol, erythritol, D-and L-arabinose, D-and L-xylose, The API 20 STREP profiles of the cluster I strains were 3-4(0)-7-2(0)-7-1-0, and the rapid ID32 STREP profiles were All cluster I1 strains were positive in the following tests: Voges-Proskauer; leucine arylamidase; arginine dihydrolase; alanine phenylalanine proline arylamidase; P-glucuronidase; alkaline phosphatase (often weak); P-glucosidase; and acidification of ribose, galactose, glucose, fructose, mannose, mannitol, N-acetylglucosamine, arbutin, salicin, cellobiose, lactose, maltose, saccharose, trehalose, P-gentiobiose, methyl-P-D-glucopyranoside, L-arabinose, inulin, starch, and pullulan.
The cluster I1 strains did not react in the following tests: production of amylase as determined by the plate procedure; pyrrolidonyl arylamidase; P-mannosidase; urease; and N-acetylp-glucosaminidase. Acid was not produced from glycerol, erythritol, D-arabinose, L-xylose, adonitol, P-methyl-D-xyloside, L-sorbose, rhamnose, dulcitol, inositol, a-methyl-D-mannoside, glycogen, xylitol, D-lyxose, D-and L-fucose, D-and L-arabitol, gluconate, 2-and 5-ketogluconate, and cyclodextrin.
Variable reactions were obtained with cluster I1 strains in tests for a-galactosidase, alkaline phosphatase, glycyltryptophan arylamidase, and hippurate hydrolysis. P-Galactosidase was negative in API 20 STREP tests, while positive reactions were observed with substrate 1 of the rapid ID32 STREP system and variable reactions were observed with substrate 2 of the same system. All of the strains except one or two produced acid from sorbitol, amygdalin, melibiose, melezitose, raffinose, and D-turanose. Only three or four of the eight strains were positive in tests performed with tagatose, D-xylose, and a-methyl-D-glucoside.
The API 20 STREP profiles of the strains investigated were 7(5,1)-6(4)-6-7-7(5)-7(3)-1. The rapid ID32 STREP test profiles were 7- 7( 1,3)-7-7-3(7)-4(0)-5-3(5,7) . 0(4)-S-7-3-7-2-1-1.
DISCUSSION
SDS-PAGE of whole-cell proteins.
In the present study, the normalized protein patterns that were obtained for a number of porcine streptococcal strains isolated mainly from vaginal fluids of sows were compared to a database containing the one-dimensional SDS-PAGE protein patterns of most previously described species of lactic acid bacteria, including the streptococci (18, 20, 21) . Identification by SDS-PAGE is known to be reliable on the species and subspecies levels (3, 10, 14, (16) (17) (18) 21) . The lack of meaningful similarity with any of the previously described streptococcal, pediococcal, lactococcal, or enterococcal species suggested that we should perform a phylogenetic analysis with 16s rRNA sequences, which confirmed the separate species positions of the two SDS-PAGE clusters.
Phylogenetic analysis. The 16s rRNA gene sequence analysis unequivocally demonstrated that the two clusters of isolates from pigs were phylogenetically members of the genus Streptococcus. Within the streptococcal clade, the two clusters formed distinct sublines and exhibited specific phylogenetic affinity with each other (Fig. 2) . They were peripherically associated with the pyogenic subgroup of the genus Streptococcus (1). Sequence divergence values of >4% between cluster I and I1 organisms and S. hyointestinalis clearly demonstrated that the two new streptococci from pigs represent hitherto unknown species of the genus. The phylogenetic distinctiveness of the two pig bacteria is consistent with their separateness, as revealed by whole-cell protein analysis, and we propose that cluster I and I1 organisms should be designated Streptococcus hyovaginalis sp. nov. and Streptococcus thoraltensis sp. nov., respectively.
Growth and biochemical activity. S. hyovaginalis has growth characteristics which are traditionally associated with streptococci. Biochemically, this species is not very reactive, and in particular the range of carbohydrates acidified is limited. In contrast, S. thoraltensis is active on a wide range of substrates, and its carboxyphilic nature is a prominent characteristic. Colonies are enterococcus-like, and the strains grow slowly in broth containing 6.5% NaC1, react positively in the Voges-Proskauer test, and produce acid from ribose. These characteristics are usually associated with enterococci (8) but may be found in certain streptococcal species (9, 11) and species belonging to certain other genera of gram-positive cocci (12). The strains showed reaction spectra which somewhat resembled those of Streptococcus uberis and Enterococcus cecorurn. S. thoraltensis can be readily differentiated from Enterococcus cecorurn and S. uberis by its lack of acid production from L-arabinose and from Enterococcus cecorurn also by its hydrolysis of arginine (Table 2 ). It is pertinent that whereas Enterococcus cecorurn is a normal component of the porcine intestinal flora, S. uberis does not occur in pigs.
Phenotypic characteristics useful in differentiating S. hyovaginalis from the phenotypically most similar porcine streptococci, S. hyointestinalis, S. alactolyticus, and S. suis, are listed in Table 3 . S. hyovaginalis differs most markedly from S. thoraltensis in its negative arginine, L-arabinose, inulin, and raffinose ' Data from reference 6 . reactions. S. hyovaginalis cannot be mistaken as belonging to two other porcine streptococcal taxa, S. porcinus and the betahemolytic biotype of S. dysgalactiae subsp. dysgulactiae, because of its lack of beta-hemolysis and arginine dihydrolase activity.
Description of Streptococcus hyovaginalis sp. nov. Streptococcus hyovaginalis (hy.o.va.gi.na'lis. Gr. n. hys, pig; L. n. vagina, sheath, vagina; N. L. masc. adj. hyovaginalis, associated with the vagina of pigs). Cells are gram-positive, catalase-negative cocci. Strains are positive in Voges-Proskauer tests and in tests for alkaline phosphatase, alanine phenylalanine proline arylamidase, N-acetyl-P-glucosaminidase, and acidification of galactose, D-glucose, D-fructose, D-mannose, mannitol, N-acetylglucosamine, salicin, cellobiose, maltose, lactose, saccharose, and trehalose.
The type strain is SHV515; it was isolated in 1990 from the vagina of a pig and has been deposited in the BCCM/LMG Culture Collection as strain LMG 14710. Its biochemical reactions are the same as those indicated above. This strain is positive in tests for ribose and negative in methyl-P-D-ghcopyranoside tests. The G + C content of LMG 147107' is 40 mol%.
Description of Streptococcus thoraltensis sp. nov. Streptococcus thoraltensis (thor.al.ten'sis. L. gen. n. thoraltensis, from Thoraltum, L.name of Torhout, the town where the strains were isolated). Cells are gram-positive cocci. Strains are capnophilic and are positive in Voges-Proskauer tests and tests for leucine arylamidase, alanine phenylalanine proline arylamidase, P-glucuronidase, alkaline phosphatase (often weak), P-glucoside, and acidification of ribose, galactose, glucose, fructose, mannose, mannitol, N-acetylglucosamine, arbutin, salicin, cellobiose, lactose, maltose, saccharose, trehalose, gentiobiose, methyl-P-D-glucopyranoside, L-arabinose, inulin, starch, and pullulan.
Type strain S69 has been deposited in the BCCM/LMG Culture Collection as strain LMG 13593. Strain S69T was isolated from the intestine of a pig in 1984. Its characteristics are the same as those indicated above for the species. In addition, S69T is positive for the following reactions which are variable in the species: a-galactosidase, hippurate, alkaline phosphatase, glycyltryptophan arylamidase, sorbitol, raffinose, D-xylose, amygdalin, and melibiose. The G + C content of LMG 13593T is 40 mol%.
Habitat. The two species described here are associated with pigs and appear to occur most frequently in pig vaginal fluids. However, the number S. hyovaginalis strains studied was very low, and S. thoraltensis was also found in pig intestines. Although the strains were isolated from postmortem specimens or from diseased animals, their possible involvement in pathological processes is not evident.
